consciously reexperience emotional events during retrieval. In a state of autonoetic awareness, healthy people are able to remember having experienced a particular emotion, for instance, a specific episode of anger against another person. They can recollect highly specific information that made this event emotional, such as sensory and perceptual details or contextual aspects of the episode, and reactivate the experience of that anger episode. In contrast, in a state of noetic awareness, individuals may only know that they were angry with a particular person but be unable to recollect the specific experience of it. The ability to consciously recollect the emotional context of a past event is thus essential for guiding behaviour effectively.
This study addresses this issue in a clinical population known to present both episodic memory and emotional disturbances: patients with schizophrenia. We intended to investigate whether patients with schizophrenia were able to consciously recollect the specific details that make an event emotional at encoding. Currently, there is consistent evidence that the recognition performance of patients with schizophrenia is associated with lower levels of Remember, but not Know, responses when compared with the healthy control subjects. [5] [6] [7] This indicates that schizophrenia impairs episodic memory in its critical feature, that is, autonoetic awareness. However, most of the studies carried out in patients with schizophrenia with the Remember-Know procedure used neutral material, leaving unexplored the question of the subjective experience associated with emotional memories. Because emotional disturbances that dramatically interfere with behaviour control and social interaction are another major aspect of schizophrenia, 8 an important question pertains to how emotion and episodic memory interact in schizophrenia.
This study assessed the subjective states of conscious awareness that accompany recognition of emotional events in patients with schizophrenia. Its aim was to investigate whether patients with schizophrenia are able to consciously recollect the specific details that make events emotional. To this end, a modified version of the Remember-Know procedure developed by Conway and Dewhurst 9 was used. Emotional events were characterized by a separation of the stimulus, (a picture) and the emotional valence (a sentence describing the stimulus in either a positive or a negative way). This allowed us to ask participants to qualify the subjective state of awareness associated with recognition of the picture and, then, with recognition of the related valence. Participants were told to give a Remember response if valence recognition was associated with the conscious recollection of specific details related to the emotional valence of the picture. Participants provided a Know response if they knew that the valence was positive or negative but did not consciously recollect any related details. Because schizophrenia is associated with an episodic memory deficit and low levels of autonoetic awareness, it was predicted that patients with schizophrenia would exhibit a poorer recognition performance and provide fewer Remember responses in picture and valence recognition than would the control participants.
Method

Participants
Forty-eight participants took part in the experiment: 24 outpatients with schizophrenia (14 men and 10 women) and 24 control subjects. The patients were recruited from the Psychiatric Department of the University Hospitals of Strasbourg, France. They fulfilled the DSM-IV criteria for schizophrenia (paranoid n = 10, residual n = 6, disorganized n = 5, undifferentiated n = 3), as determined by consensus of the current treating psychiatrist and 2 senior psychiatrists belonging to the research team, and were all clinically stabilized. The mean duration of illness was 9.4 years, SD 3.5 years. Patients with histories of traumatic brain injury, epilepsy, alcohol or substance abuse at the time of the study, or other neurologic conditions, were excluded from the study, as were patients treated with antidepressants, benzodiazepines, or lithium. Twelve patients were receiving typical long-term neuroleptics administered at standard dosage (mean dosage 187 mg, SD 23, of chlorpromazine or equivalent daily), and 8 were receiving atypical neuroleptics (mean dosage 9 mg of clozapine or risperidone daily). Seven were also receiving an anticholinergic agent (mean dosage 15 mg of tropateptine or 5 mg of trihexyphenidyl daily). Four patients were not receiving any treatment.
The comparison group comprised 24 healthy participants (14 men and 10 women). They had no history of alcoholism or other drug abuse, and no history of neurologic or psychiatric illness, nor were they taking any medication. The 2 groups were matched according to age, sex, and level of education. They did not differ significantly in age and education (Table 1) . IQ, as assessed by a short form of the WAIS-R, 10 was significantly lower in patients than in control participants. Demographic, clinical, and neuropsychological characteristics of the participants are given in Table 1 . All participants provided informed written consent. Ethical approval was obtained for the study.
Materials
A pretest was carried out to select neutral pictures and associated emotional sentences. Twenty-five healthy participants were invited to rate 120 pictures from Snodgrass and Vanderwart 11 according to 2 different scales, 1 for valence and 1 for arousal. Based on these ratings, we selected 80 neutral pictures representing objects of everyday life (such as a desk) and animals (such as an ostrich). Participants were then asked to rate the valence and arousal dimensions of the sentences. Two versions of each sentence had been constructed earlier that described the picture in either a positive or negative way. The 2 versions were equalized in terms of sentence length, concreteness, and the frequency of the vocabulary used (such as, "It is in this barn that a movie theater was created" in the positive version, and "It is in this barn that prisoners were kept during the war" for the negative version; "This crystal vase was given to me by my children for my birthday" in the positive version, and "This crystal vase which was a gift from my children has been stolen" in the negative version). We selected 160 sentences (80 positive and 80 negative) that were judged to be the most salient in terms of emotional intensity.
From this material, 2 lists of 40 pictures and 80 sentences (40 positive and 40 negative) were constructed and counterbalanced across participants as either to-be-learned or not-to-be-learned items. The recognition test consisted of all 80 pictures. Thus the target (old) pictures for one-half of the participants were new pictures for the other one-half. During the learning session, 10 buffer stimuli were presented at the beginning and end of each list to reduce primacy and recency effects.
Procedure
All participants took part in 2 sessions: 1 learning session lasting about 1 hour and 1 test session lasting about 90 minutes. These sessions were scheduled 24 hours apart. Pilot studies carried out on healthy participants show that an interval of 24 hours is long enough to avoid the occurrence of floor-and-ceiling effect in the recognition task; thus, we sought an expected level of about 70% to 90% of correct recognition.
In both sessions, pictures were presented on a computer screen in random order. During the learning session, a picture appeared on the screen and participants were asked to name the object or animal that they saw. Three seconds after the picture appeared, a sentence was displayed beneath it for 10 seconds, and participants were asked to read it aloud and to rate the subjective experience of pleasantness or unpleasantness evoked by the stimulus by using a 100-mm visual analogue scale. Once they had rated the stimulus, they pressed the space bar to proceed to the next trial. They were not informed that the second session would be a memory test. During the test session, the participants were presented with 2 mixed lists of pictures. One-half were old (seen the previous day), the other one-half new. In each trial, participants had to say whether or not they recognized the picture. If not, another picture appeared on the screen. If they recognized the picture, the participants had to indicate whether they "remembered," "knew," or "guessed" that they had seen it in the previous session.
Before the task, they were given a set of oral and then written instructions regarding Remember, Know, and Guess responses. The instructions on picture recognition closely followed those specified by Huron et al. 5 Participants were told to give a Remember response if recognition was accompanied by conscious recollection, that is, if they were consciously aware of some aspect of what had happened or been experienced when the picture was previously presented. Examples included an association with another item on the list, an image that came to mind, something about the physical appearance of the picture, something of personal significance in autobiographical memory, or something that had happened in the experiment room. Participants were told to give a Know response if recognition was accompanied by feelings of familiarity, but without conscious recollection, that is, if they had knowledge of an item inclusion in the study list but no memories of what happened when they saw the picture. Finally, participants had to give a Guess response if they neither remembered what occurred at the time of learning nor had any feeling of familiarity but just supposed the picture was on the study list.
After indicating their state of awareness associated with picture recognition, participants were asked to indicate whether they found the material pleasant or unpleasant at the time of encoding. Then, they had to report their state of awareness associated with valence recognition by indicating whether they remembered, knew, or guessed the material was pleasant or unpleasant. They were told to give a Remember response if they recollected specific details associated with the emotional valence of the picture. Examples included recalling the emotional sentence, an association they thought of, an image they formed, or something of personal importance they were reminded of during the learning session that was directly related with the emotional valence of the sentence. Participants provided a Know response if they knew that the valence was positive or negative but did not consciously recollect any related details. Finally, a Guess response meant the participants neither consciously recollected specific details of valence nor simply knew the valence but supposed that the picture was pleasant or unpleasant. When participants provided a Remember response, they were asked to substantiate it.
To ensure participants had correctly understood the instructions, a short practice session was included just before the test phase; this involved an additional list of 10 new pictures from which to recognize 5.
Statistical Analyses
Positive sentences judged negatively during the learning session and negative sentences judged positively were excluded from the analyses. The proportion of such sentences was very low and similar for both groups (mean 0.005). The subjective ratings of pleasantness and unpleasantness evoked by the stimuli at encoding were analyzed by using a 2 (group)´2 (positive and negative valence) ANOVA performed on the number of stimuli correctly judged at encoding.
The proportion of false recognition of the pictures was also very low (0.01 of the whole sample) and similar for both groups (t 46 = 0.77, ns). We reported only the analyses carried out on correct responses; the analyses carried out corrected scores (correct recognition scores minus false recognition scores) leading to similar conclusions. To assess performance in the picture recognition task, the proportions of Remember, Know, and Guess responses associated with correct recognition of the pictures were computed by dividing the number of correct responses of each type by the total number of possible responses. Recognition of pictures was analyzed with a 2 (group)´3 (Remember, Know, or Guess) ANOVA performed on the proportion of correct responses, with group as a between-subject factor and response type as a within-subject factor.
Performance in the valence recognition task was calculated on the pictures that were correctly recognized. The proportions of Remember, Know, and Guess responses associated with recognition of valence were computed according to whether recognition of valence was correct or incorrect and whether valence was positive or negative. Calculations of 2 (group)´2 (correct and incorrect responses)´2 (positive and negative valence) ANOVAs were carried out on Remember, Know, and Guess responses separately, with group as a betweensubject factor and correctness and valence as within-subject factors.
Remember and Know responses were also analyzed according to the model developed by Yonelinas and colleagues 2 to estimate the contributions of conscious recollection and familiarity (Fd'). These analyses are not reported because they led to similar conclusions.
Whenever the result of an ANOVA was significant, Student's t tests were computed to specify the differences. In all comparisons, the alpha level was set at P < 0.05.
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Results
Encoding Ratings of the Stimuli for Emotional Valence
Both groups provided significantly different subjective ratings of the pleasantness and unpleasantness evoked by the sentences (F 1,46 = 98.3, MSE = 268.31, P < 0.001) and did so to the same extent as indicated by a nonsignificant group effect (F 1,46 = 0.26, MSE = 7.59, ns) and a nonsignificant interaction effect between group and word type (F 1,46 = 0.14, MSE = 3.54, ns) (Table 2) . Therefore, emotional ratings clearly varied according to the valence of sentences, and there was no difference between the ratings of patients and control subjects at the time of sentence presentation.
Recognition of Pictures
The proportions of Remember, Know, and Guess responses associated with correct recognition of pictures are shown in Table 3 . There was a significant main effect of group (F 1,46 = 33.03, MSE = 35.09, P < 0.001), with the patients recognizing fewer target pictures than the control subjects. There was a significant effect of response type (F 2,92 = 84.73, MSE = 238.45, P < 0.001), with the participants providing more Remember and Know responses than Guess responses. The interaction between group and response type was significant (F 2,92 = 26.51, MSE = 63.20, P < 0.001). Follow-up analyses indicated that the patients provided fewer Remember responses (t 46 = -5.49, P < 0.001) and more Know responses (t 46 = 4.86, P < 0.001) than the control participants. The proportion of Guess responses was similar in the 2 groups (t 46 = 1.38, ns).
Recognition of Valence
Overall, recognition of valence was better than chance in both groups, that is, control subjects (0.71, t 46 = 10.68, P < 0.001) and patients (0.61, t 46 = 5.21, P < 0.001). A calculation of 2 (group)´2 (correct Remember or incorrect Remember)´2 (positive or negative valence) ANOVA showed a significant main effect of group (F 1,46 = 70.34, P < 0.001), with the patients giving fewer Remember responses than the control subjects, and a significant main effect of response type (F 1,46 = 143.35, P < 0.001), with correct Remember responses being more frequent than incorrect ones. There was a significant interaction between response type and group (F 1,46 = 88.47, P < 0.001), with the patients providing fewer correct Remember responses than the control subjects. Finally, there was a significant interaction between response type and valence (F 1,46 = 34.59, MSE = 32.97, P < 0.001), indicating that there were more correct Remember responses when sentences were positive, but more false Remember responses when sentences were negative. The interaction between group, response type, and valence was not significant (F 1,46 = 0.21).
For Know responses, there was a significant effect of group (F 1,46 = 14.94, P < 0.001), with patients giving more Know responses than control subjects; a significant effect of response type (F 1,46 = 135.68, P < 0.001), with correct Know responses more frequent than incorrect ones; and a significant effect of valence (F 1,46 = 41.21, P < 0.001), with Know responses more frequent for positive than for negative sentences. There was a significant interaction between group and response type (F 1,46 = 7.04, P < 0.05), with patients providing more incorrect Know responses than control subjects. Finally, there was a significant interaction between response type and valence (F 1,46 = 41.21, MSE = 57.18, P < 0.001), indicating that there were more Know responses for correct than for incorrect recognition of positive, but not negative, sentences.
For Guess responses, there was a significant group effect (F 1,46 = 19.32, P < 0.001), with patients giving more Guess responses than control subjects; a significant response type effect (F 1,46 = 83.45, P < 0.001), with incorrect Guess responses more frequent than correct ones; and a significant effect of valence (F 1,46 = 67.77, P < 0.001), with Guess responses more frequent for negative than for positive sentences. There was a significant interaction between response type and valence (F 1,46 = 132.55, MSE = 19.48, P < 0.001), due to the fact that there were more correct Guess responses when sentences were positive rather than negative but more false Guess responses when sentences were negative rather than positive. Finally there was a significant interaction between group and valence (F 1,46 = 13.55, P < 0.001) and between group, response type, and valence (F 1,46 = 16.44, P < 0.001), with patients providing more incorrect Guess responses for positive sentences than control subjects. This pattern of results is illustrated in Table 4 .
Correlational Analyses
In the clinical group, the association between memory and clinical variables was further assessed with Pearson correlation coefficients. No significant correlations were found between memory variables (picture and valence recognition) and IQ, psychiatric symptoms (BPRS, SAPS, and SANS scores and subscores), or daily dosage of neuroleptic treatment (n = 24, rs < -0.37, P > 0.08).
Discussion
As predicted, patients with schizophrenia exhibited poor recognition of pictures and poor recognition of the emotional valence arbitrarily associated with these pictures. Moreover, the frequency of Remember responses associated with picture recognition was lower in patients than in control subjects. Most importantly, there was a reduction of the frequency of Remember responses associated with valence recognition. Finally, like control subjects, patients recognized emotional valence better when valence was positive rather than negative. These results were obtained under conditions where the manipulation of emotional sentences elicited significantly different subjective experiences of pleasantness and unpleasantness at encoding in both groups, as well as recognition of valence that was better than chance. The overall pattern of responses cannot be fully explained by a general, nonspecific reduction in cognitive abilities or by drug treatment because memory performance of patients was not significantly correlated with IQ or the type and dosage of neuroleptic treatment.
The influence of these factors, however, cannot be ruled out completely.
Our study shows that patients with schizophrenia exhibit reduced levels of Remember, but not Know and Guess, responses associated with picture and valence recognition. Consequently, the frequency of emotional events associated with a Remember response both for picture and valence was substantially reduced. These results confirm that schizophrenia is associated with an impairment of episodic memory in its critical feature, that is, autonoetic awareness, [5] [6] [7] and they extend this finding to episodic memory for emotional events.
As predicted, patients with schizophrenia exhibited an impaired conscious recollection of a past event and the specific details that make that event emotional.
In both groups, valence recognition was better when sentences were positive rather than negative. Correct recognition of valence was mainly associated with Remember responses, whereas false recognition was mainly associated with Guess responses. While the present study is the first to have investigated the states of awareness specifically associated with recognition of valence per se, 2 previous studies have investigated the influence of emotional stimuli on the states of awareness associated with recognition of those stimuli. 4, 12 These showed that Remember responses were more frequent for emotional than for neutral stimuli, whereas changes in Know responses were slight and nonsignificant. One showed more Remember responses for positive than for negative stimuli, 12 whereas the other reported the opposite pattern of responses. 4 Both studies, however, found that better recognition was due to higher levels of Remember responses. These results were taken as evidence that emotion increases the distinctiveness with which stimuli are encoded and later reexperienced.
In accordance with these lines of evidence, participants taking part in this study discriminated between positive and negative valence mainly on the basis of conscious recollection, with patients' lower levels of conscious recollection being responsible for their poor recognition performance. However, there was evidence in both groups that Know responses were more frequent when recognition of positive valence was correct rather than incorrect, suggesting that valence recognition can also be based on familiarity when conscious recollection is lacking.
A limitation to this study was that it was performed under conditions that bear little relation to real life; the emotional stimuli used could induce only weak emotional responses. These stimuli are barely comparable to complex and meaningful autobiographical events. This raises the question of autonoetic awareness for emotional, real-life events that induce stronger emotional responses. This question is crucial because emotions are not only closely related to adaptive behaviour at an automated level but also offer the flexibility to respond on the basis of memory awareness to emotional events from the personal past.
